Illustrations
Milliequivalents per liter is a unit that expresses the concentration of chemical constituents in solution as the mass (milligrams) of the constituents per unit volume (liter) of water that combine with each other. One milliequivalent of a chemical constituent has a mass in milligrams that is equal to the sum of the atomic weights of the atoms that comprise the constituent divided by the number of charges normally associated with the constituent. Thus one milliequivalent of Ca++ (calcium ion), which has an atomic weight of 40 and a charge of plus two, has a mass of 20 milligrams. In a water sample that has the meq/L of each of the chemical constituents accurately determined, the total meq/L of cations (positive ions) is equal to the total meq/L of anions (negative ions).
Concentrations of trace metals in sediment samples are given in micrograms per gram (|ig/g). Micrograms per gram is a unit that expresses the mass (micrograms) of a trace metal per unit mass (gram) of sediment.The concentrations of trace metals in sediment samples are reported as: (1) total recoverable; and (2) total.
Definition of Terms
Alkalinity: Capacity for neutralizing acid and commonly reported as an equivalent amount of calcium carbonate. This property is attributed mostly to dissolved species of carbon dioxide if the pH of the water is less than 9.5.
Dissolved:
Refers to the portion of a given chemical constituent in solution that passes through a 0.45-micrometer membrane filter.
Dissolved solids concentration:
Total amount of chemical constituents dissolved in the water and is expressed in mg/L.
Fecal coliform bacteria:
Bacteria that are present in the intestines and feces of warm-blooded animals.
Fecal streptococcal bacteria:
Bacteria that are present in the intestines of warmblooded animals.
Pesticide: A general term for chemicals, which include herbicides, insecticides, and fungicides, that are used to control crop pests.
pH: A measure of the acidity (or alkalinity) of a solution; equal to the negative logarithm of the concentration of hydrogen ions. A pH of 7.0 indicates a neutral solution, a pH value lower than 7.0 indicates an acid solution, and a pH values greater than 7.0 indicates an alkaline solution.
Secchi disk transparency:
The maximum depth below the surface of water that a white disk about 20 centimeters in diameter is visible.
Sediment: Solid material that includes disintegrated rock particles, chemical and biochemical precipitates and decomposed organic material. In a lake, it may be bottom sediment below the water column in unconsolidated lakebed material, or suspended sediment within the water column.
Specific conductance: The capacity of water to conduct an electric current. This property generally is proportionate to the dissolved solids content in most dilute natural water.
Suspended: Refers to the portion of a given chemical constituent in solution that does not pass through a 0.45-micrometer membrane filter.
Suspended-solids concentration:
Total amount of chemical constituents suspended in the water and is expressed in mg/L.
Total: Refers to the amount of a given constituent in an unfiltered water or sediment sample after digestion by a method (usually by a dilute acid solution) that results in dissolution of at least 95 percent of the constituent that was in the sample.
Total recoverable: Refers to the amount of a given constituent in an unfiltered water or sediment sample after digestion by a method (usually by a dilute acid solution) that results in dissolution of less than 95 percent of the constituent that was in the sample.
Turbidity: Inversely related to water clarity; a measure of suspended particulate matter.
Introduction
The Grand Portage Indian Reservation (hereinafter referred to as the Reservation) is located in extreme northeastern Minnesota along the north shore of Lake Superior ( fig. 1) . The Reservation has an area of about 56,000 acres and is mostly forest. Total population of the Reservation is about 350 people (Rick Novitsky, Grand Portage Indian Reservation Tribal Council, oral commun., 1994) . Most homes, businesses, tourist and historical attractions, are located in the community of Grand Portage, along U.S. Highway 61, and east of Mineral Center along County State Aid Highway 17.
This report provides the Reservation Tribal Council important water-quality information about Grand Portage and Wauswaugoning Bays ( fig. 1 ). The two bays have important aesthetic, fishery, and water-supply values. Grand Portage Bay is a spawning and nursery area for a variety of fish species, which include lake trout, lake whitefish, lake herring, and non-game species. Wauswaugoning Bay is the site of a recently constructed (1996) community water-supply system. The intake for this system is at a depth of about 50 ft (Steve Forthun, Indian Public Health Service, oral commun., 1997) at the southeastern tip of Hat Point ( fig. I )-
The purpose of this report is to present data on the physical and chemical properties of water and sediments in Grand Portage and Wauswaugoning Bays of Lake Superior along the shoreline of the Grand Portage Indian Reservation. The data will serve as a reference to monitor potential changes in water quality and sediment chemistry in the bays. The data were collected during 1993-96 from one site in Wauswaugoning Bay and from eight sites in Grand Portage Bay ( fig. 1 inset) . The data include: (1) temperature, pH, and specific conductance measurements and dissolved oxygen concentrations at eight sites; (2) Secchi disk transparency at one site, alkalinity, and turbidity measurements at three sites; (3) fecal Streptococcal and fecal Coliform bacteria colony counts at six sites; (4) major and minor ion, nutrient, and trace-metal concentrations at three sites; (5) dissolved and suspended residue concentrations at three sites; (6) pesticide, phenol, and asbestos concentrations at one site; (7) suspended sediment trace-metal concentrations at one site; and (8) bottom sediment trace-metal concentrations at four sites. 
Methods of Investigation
Water samples were collected, treated, and stored in accordance with procedures described by Fishman and Friedman (1989) . Most of the water samples were analyzed for chemical constituents at the U.S. Geological Survey NWQL (National Water Quality Laboratory) in Arvada, Colorado. The asbestos water sample was analyzed by the Reservoirs Environmental Services, Inc. in Denver, Colorado by the U.S. Environmental Protection Agency Level IITEM method (Yamate and others, U.S. Environmental Protections Agency, written commun., 1985).
Suspended-sediment samples were analyzed for trace-metal concentrations by the U.S. Geological Survey Laboratory in Atlanta, Georgia by analytical procedures described by Horowitz (1986) . Bottomsediment samples were collected, treated, and stored in accordance with procedures described by Tanner and others (1990) . The bottom-sediment samples were analyzed for trace-metal concentrations at the U.S. Geological Survey NWQL.
Physical and Chemical Properties of Water
Field measurements of temperature, pH, specific conductance, and dissolved oxygen were made with a portable, multiparameter meter calibrated at the start of each sampling day. Vertical profiles of these measurements were made to depths of 12-80 ft at sites 1, 2, 3, 8, and 9; surface measurements (1-ft depth) were made at sites 4, 5, and 6 (table 1). The vertical profiles determined for sites 1, 3, 8, and 9 on June 25, 1996 are graphically shown in figure 2. 
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.20 The Secchi disk transparency was measured at site 1 (table 1) . Turbidity and alkalinity were determined for samples collected from sites 1, 2, and 3 (table 1) . Colony counts (reported per 100 ml of sample water) of fecal Coliform and fecal Streptococcal bacteria were determined for surface samples (1-ft depth) from sites 1, 3, 4, 5, 6, and 7. The colony counts were made on membrane filters inoculated with unfiltered sample water serially diluted with sterile, buffered water. The sample water was serially diluted to grow ideal colony counts of 20 to 60 per filter. The colony counts were made after the filters had been incubated in petri dishes half-filled with bacterial growth media. The incubation periods were 24 hours at 35° C for fecal Coliform bacteria and 48 hours at 44.5° C for fecal Streptococcal bacteria.
Water samples were collected from multiple depths with a poly-carbonate, fixed-point sampler at sites 1, 2, and 3. These samples were analyzed for major and minor ions, nutrients, dissolved and suspended residue, and trace metals (tables 2 and 3). The concentrations (in mg/L and |ng/L) of the constituents are reported as dissolved, total recoverable, and total.
The residue on evaporation was determined for filtered water samples at 180° C for sites 1 and 3 and at 105° C for sites 2 and 3. These residues represent analytical determinations of the dissolved solids concentration in the water samples. (The residue on evaporation at 105° C may be slightly larger than for 180° C because dissolved organic carbon remains in the residue at 105° C, whereas dissolved organic carbon does not remain in the residue at 180° C.) The residue on evaporation also was determined for the filters at 105° C for sites 2 and 3. These residues represent analytical determinations of the supsended solids concentration in the water samples.
The ionic compositions (in meq/L) of water samples from sites 1 and 3 are shown on water-quality diagrams ( fig. 3 ). These diagrams graphically indicate the amounts and proportions of ionic solutes in the samples.
The laboratory analytical reporting limits (minimum concentrations that can be reliably cited) for the major and minor ions and nutrients were 0.01 and 0.02 mg/L. The laboratory analytical reporting limits for trace metals ranged from 0.5 to 10 [Lg/L except for the limit of 100 |Ug/L for barium. Constituents that were present at a concentration less than the reporting limit are reported as < (less than) the reporting limit.
Water from depths of 1 and 50 feet at site 1 was analyzed for about 50 pesticides, phenols, and asbestos (table 4). The pesticide classes were mostly triazines, acidimides, acetanilides, organophosphates, organochlorines, and carbamates and to a lesser extent anilines, urea, uracil, and chlorobenzoic acid. The pesticide analyses were done by GC/MS (gas chromatography/mass spectrometry) at the U.S. Geological Survey NWQL. Analytical reporting limits were 0.001 to 0.018 (J,g/L for the pesticides, 1 |Lig/L for phenols, and 0.05 structures/L for asbestos.
Chemical Properties of Sediments
A 150-liter unfiltered water sample from site 3 was analyzed for trace metal-concentrations of the suspended sediments.The water sample was collected by depth integration from the top to the bottom of the lake (14-ft water column). The suspended sediments were removed from the sample by centrifugation; the settled solid material was then freeze-dried and digested by an acid solution for chemical analysis. The results are reported as total trace-metal concentrations in suspended sediments (table 5) .
Bottom sediments from sites 4, 5, 6, and 7 were analyzed for trace-metal concentrations. The samples were collected with a dredge sampler. The results are reported in table 5 as total and total recoverable tracemetal concentrations in bottom sediments.
Quality Assurance
Blank-water and replicate samples were analyzed for nitrogen and phosphorus nutrients and major and minor ions to verify quality assurance of the analytical results reported by the U.S. Geological Survey NWQL. The blank and replicate samples were subjected to the same processing, handling, and equipment as sample water. The quality-assurance analyses indicated that samples were not cross-contaminated by equipment between visits to sample sites and that analytical results for water samples reported by the U.S. Geological Survey NWQL were reproducible to within 5 percent of each other. Suspended-sediment concentration.
Bottom-sediment concentration.
